Physiological Equivalent Temperature (PET) has been widely used as an indicator for impacts of 15 climate change on thermal comfort of humans. The effects of thermal stress are often examined 16 using longitudinal observational studies over many years. A major problem in retrospective 17 versus prospective studies is that it is not feasible to go back in time to measure historical data 18 not collected in the past. These data must be reconstructed for the baseline period to enable 19 comparative analysis of change and its human impact. This paper describes a systematic method 20 for constructing a PET map using spatial analytical procedures. The procedures involve 21
Introduction 29
The world is warming up and there is increasing worldwide concern about the potential health 30 effects of climate change. Thermal stress, or the conditions of cold and hot temperatures beyond 31 the normal comfort range, has been the subject of much research due largely to more frequent 32 occurrences of heat waves and cold spells in high-latitude regions [1] . Human response to the 33 thermal environment is affected by local environmental variables (notably air temperature, 34 radiant temperature, humidity, and air movement) as well as the clothing worn and activity 35 engaged at the time [2, 3] . An environment that is too hot, too cold, or just right can affect human 36 comfort and wellbeing because an individual must undergo thermoregulatory physiological 37 changes to adapt to the environment and maintain an internal body temperature of around 37 °C 38
[4]. Long-term exposure to heat or cold can lead to serious health risks or death when the body 39 cannot sustain thermoregulatory function. 40
The Physiological Equivalent Temperature (PET) is a thermal index derived from the heat-41 balance model of a human body [5] . It is a personal and geographic event that does not remain 42 
Spatial Analytics 121
Past meteorological data from the HKO are not of sufficient detail to account for the complex 122 terrain and dense urban morphology of Hong Kong. We propose a spatial approach that 123 integrates geographic information system (GIS) and remote sensing (RS) processing to derive the 124 needed parameters (Figure 4 ). It can be seen that the calculation of PET requires Ta, RH, WV, 125
Tmrt, and cloud cover. As HKO reports only the mean cloud cover percentage for each day, PET 126 will be computed by assuming the same cloud cover value for all locations. The Ta surface is 127 estimated from ASTER nighttime images [17] while the RH surface is generated by means of 128 spatial interpolation. WV near the ground level and Tmrt needs more computational efforts as 129 
Air Temperature (Ta) 135
The Ta surface can be estimated from ASTER or LANDSAT images for a selected time period, 136 pending availability, and adjusted using the hourly Ta data from the HKO following the method 137 described in Nichol & To [19] . Noting that daily meteorological data do vary spatially and 138 temporally, it is important to select a typical day in the summer/warm (April -September) or 139 winter/cool (October -March) months and compute the daily averages to represent typical 140 readings in different seasons [20, 21] . Moreover, it is also difficult to get a satellite image that is 141 totally cloud free for each season [22, 23] . It may also be necessary to merge adjacent images 142 from different days to provide a complete coverage of the study area. 143 
Wind Velocity (WV) 153
It has been noticed that low horizontal wind speeds are usually associated with high surface 154 roughness caused by a high density of built structures [26] . The WV surface at 2 m above the 155 ground level can be estimated by a map of Ground Coverage Ratio (GCR) derived from building 156 footprints. GCR is highly correlated with the WV ratio which is defined as the ratio of mean WV 157 at the pedestrian level to a reference height [27, 28] . It has been suggested as a good indicator for 158 the 3D roughness of an urban area, and can be further adjusted using the hourly wind data 159 available from the HKO. The estimation can be done at 100m spatial resolution using building 160 data of a selected time period available from the Lands Department and applying the method 161
proposed by Wong & Nichol [29] . 162
Mean Radiant Temperature (Tmrt) 163
Tmrt, defined as the "uniform temperature of an imaginary enclosure in which the radiant heat 164 transfer from the human body equals the radiant heat transfer in the actual non-uniform12 enclosure" [30] , is a complex variable which is affected by location, cloudiness and urban 166 morphology. Tmrt has been investigated and measured by field methods mostly in high-latitude 167 cities [31, 32] . It has been asserted that the spatial difference of Tmrt, which is highly correlated 168 to urban morphology, can be estimated using the sky view factor (SVF) measured at the ground 169 level [33, 34] Table 1 Correlation coefficients between UC-AnMap and PET-related variables 
Discussion and Conclusion 206
The fact that PET and UC-AnMap are correlated, even though not highly, may indicate that they 207 measure similar factors attributing to thermal stress. Results indicated in Table 1 objectively and empirically collected data, the UC-AnMap is a synthetic outcome for planning 213 purposes because it also relies on expert and qualitative assessment of urban climatologists. In 214 this regard, the whole procedure and evaluation methods are not truly standardized as they 215 involved balancing and weighing many non-quantifiable aspects to arrive at a generalized view 216 of the urban thermal environment. All things being equal, our PET map can discriminate thermal 217 comfort conditions strictly from well-established mathematical procedures [5 -8] without 218 subjective manipulation. 219
It is difficult to justify whether the resultant PET map (Figure 5e ) is truly reflective of the real 220 thermal comfort conditions because the parameters were derivative from secondary procedures. 221
The estimation of Tmrt, for example, can be further improved by establishing a stronger 222 relationship between SVF and Tmrt through better choice of monitoring sites with specific 223 morphological features [38, 39] . Unfortunately, the estimation of RH could not be improved 224
given the limited and fixed number of meteorological stations in Hong Kong. It should also be 225 noted that the resultant PET map is not continuous because the Ta map (Figure 5a ) was derived 226 from an ASTER image that was not totally cloud free. Here, the no-data cells did not affect 227 subsequent health impact analysis because no cohort subjects lived in these locations. Thus, it is 228 important that cohort locations must be accounted for in the selection of satellite images. 229
This paper presents a methodology to construct high-resolution maps representing thermal stress 231 exposure in a city with complicated urban environment. It has demonstrated feasibility of the 232 approach that is repeatable because satellite imagery is a ubiquitous resource accessible to all 233 places on the Earth's surface and other data requirements can be satisfied easily. Provided that 234 there is sufficient weather monitoring stations to cover a selected study area, PET maps can be 235 created for different time periods based on local meteorological data on temperature, relative 236 humidity, wind, and cloud cover. The method not only accounts for changes in local 237 meteorological conditions but also the urban morphology as reflected through the building data. 238
The changing patterns of urban constructs, if captured in digital representation, will enable the 239 creation of PET surfaces of different time periods for comparative analysis. 
